The aim of this study was to assess the relationship between sex and clinical outcomes and treatment-related complications in patients with ST-elevation or non-ST-elevation acute coronary syndromes (ACS) randomized to treatment with ticagrelor or clopidogrel in the PLATelet inhibition and patient Outcomes (PLATO) trial.
Introduction
Women who present with acute coronary syndrome (ACS) are typically older than men, and have a higher frequency of concomitant hypertension or diabetes mellitus, and less often a history of myocardial infarction (MI). 1 -12 Studies suggest that the treatment and approach of ACS also differs between women and men, including the use of effective short-term medication (as thrombolytics), longterm medication, do-not-resuscitate orders, and invasive procedures. 1,3,5 -9,13 A number of reports indicated no significant differences between sexes for in-hospital or 30-day mortality, after adjustment for baseline characteristics. 4 -6,8 -11,14 Also regarding long-term mortality rates, adjusted data in several reports suggest no difference between the sexes. 1, 2, 6, 9 However, the Register of Information and Knowledge About Swedish Heart Intensive Care Admissions (RIKS-HIA) study reported lower all-cause mortality in women at 1 year, after adjustment for age. 10 Ticagrelor is a reversibly binding, oral P2Y 12 receptor antagonist. 15 It has been approved in .90 countries for preventing thrombotic events in patients with ACS. 16, 17 In the phase III PLATelet inhibition and patient Outcomes (PLATO) trial, ticagrelor significantly reduced the composite rate of death from cardiovascular causes (CV death), MI, or stroke at 12 months, without increasing the rate of PLATO-defined overall major bleeding, compared with clopidogrel in patients with ACS with or without ST-segment elevation. 18 Given the potential importance of sex on treatment approach and outcome in patients with ACS, we present a pre-specified analysis of the association between sex and the effects of ticagrelor vs. clopidogrel on clinical outcomes and treatment-related complications in patients with ST-elevation or non-ST-elevation ACS in the PLATO trial.
Methods

Summary of PLATO methodology
PLATO was an international, multicentre, randomized, double-blind trial. The methodology of PLATO (including study design, inclusion and exclusion criteria, patients and outcome variables) has been published previously. 18, 19 In brief, 18 624 patients hospitalized for ACS, with or without ST segment elevation, were randomized to receive ticagrelor or clopidogrel in a double-blind, double-dummy manner within 24 h of the most recent cardiac ischaemic symptoms and before any planned or urgent percutaneous coronary intervention (PCI).
Ticagrelor was administered as a loading dose of 180 mg followed by 90 mg twice daily. Clopidogrel was administered as a maintenance dose of 75 mg daily, preceded by a loading dose of 300 mg in patients who had not received an open-label loading dose and had not received clopidogrel for ≥5 days before randomization. Before PCI procedures, a further 300 mg clopidogrel dose (or ticagrelor 90 mg in the case of PCI procedures later than 24 h after randomization) was permitted at the discretion of the investigator. The assigned study treatment was continued for at least 6 months and up to a maximum of 12 months. All the patients also received acetylsalicylic acid (aspirin) 75 -100 mg/day unless they were known to be aspirin intolerant. For patients who previously had not received aspirin, the preferred loading dose was a maximum of 325 mg. After stent placement, an aspirin dose of up to 325 mg/day for 6 months was permitted.
The primary efficacy endpoint was the composite of time to first occurrence of MI, stroke, or CV death, and the primary safety endpoint was time to PLATO-defined and adjudicated first major bleeding event. 19 The study adhered fully to the ethical principles of the Declaration of Helsinki, the research protocol was approved by all appropriate locally appointed ethics committees, and informed consent was obtained from the patients.
18,19
Statistical analysis
Patient characteristics were compared according to sex using x 2 and
Wilcoxon rank-sum tests. Cox proportional-hazards models were used to analyse the association between sex subgroup and the primary composite endpoint and each of the secondary endpoints and major bleeding endpoints. Adjustment variables besides geographic region also included age, weight, height, body mass index, waist circumference, heart rate, systolic blood pressure, smoking status, white blood cell count, haemoglobin level, creatinine clearance, troponin level, time from onset of symptoms to randomization, changes in electrocardiogram (ECG) at entry (ST-elevation or ST-depression), Killip class at entry, glycoprotein inhibitors (GPIs) at entry, prior MI, prior stroke, prior transient ischaemic attack (TIA), prior PCI, prior coronary artery bypass grafting (CABG), prior gastrointestinal bleeding episodes, diabetes, peripheral arterial disease (PAD), dyslipidaemia, angina pectoris, congestive heart failure, final diagnosis, randomized treatment, and treatment approach.
The interaction of sex subgroup with treatment effects was investigated by use of Cox proportional-hazards models. For efficacy endpoints, all analyses were based on the intent-to-treat approach. Bleeding endpoints were analysed up to 7 days after permanent discontinuation, and only in patients who had received at least one dose of the study drug. Dyspnoea rates by gender and randomized treatment at 1 year were estimated using the Kaplan-Meier (KM) method. Hazard ratios (HR) comparing the randomized treatments and the treatment by gender interaction test were derived using a Cox regression model.
The proportional hazard assumption was assessed using the method proposed by Lin et al. 20 based on the cumulative sum of martingale residuals. For the endpoints where the proportional hazard assumption was not met, a piecewise proportional hazard model was used. The cutpoints for the piecewise segments were selected using likelihood ratio tests. Ventricular pauses by gender and treatment at first week and 30 days were summarized as percentages. Odds ratios comparing randomized treatments and the treatment by gender interaction were derived using a logistic regression model.
All the analyses were performed using SAS w , version 9.2 (SAS Institute, Gary, NC, USA). Comparisons for exploratory analyses used a two-sided significance level of 0.05 without correction for multiple comparisons.
Results
Baseline characteristics
Baseline characteristics of the study population are presented in Table 1 , stratified by sex. Fewer women than men were randomized in the PLATO trial, with the study population comprising 28.4% women (5288/18 624); percentage of women was approximately uniform across regions (data not shown). There was no significant difference in the allocation of randomized treatments between sexes. Baseline characteristics of women randomized to the two arms of the study are presented in Supplementary material online, Table S1B .
In terms of CV risk factors, age ≥75 years, dyslipidaemia, and hypertension were more frequent in women compared with men, whereas men more frequently reported habitual smoking. More women had a previous history of angina pectoris, chronic heart failure, TIA or non-haemorrhagic stroke, and more men had previously had manifestations of PAD, MI, PCI, or CABG. Median serum glucose and glycosylated haemoglobin (HbA 1c ) levels were higher in women than in men. The median estimated glomerular filtration rate was higher in men. Following study entry, women more frequently had a final diagnosis of unstable angina than men, but had fewer final diagnoses of ST-elevation myocardial infarction (STEMI). Planned and received procedures, including CABG, were more frequent in men.
Association between sex and outcomes, independent of randomized treatment other efficacy endpoints. Unadjusted data for efficacy endpoints in females and males are described in Supplementary material online, Table S2A .
Regarding safety endpoints, rates of non-CABG-related major bleeding did not differ significantly between sexes [adjusted HR: 1.16 (0.9621.40)], but women experienced a lower rate of CABG-related major bleeding events [adjusted HR: 0.57 (0.4920.67)]. PLATO-defined and adjudicated overall major bleeding rate was lower in women than in men [adjusted HR: 0.81 (0.7120.92)], but this difference may be explained by the lower CABG-related bleeding rate and less use of CABG in women. When major and minor bleeding were combined, there was still significantly less bleeding in women compared with men ( Figure 1) . The same was true for any bleeding including major, minor, and minimal bleeding (Figure 1 ). Age and body mass index were univariately associated with major bleeding but the association of body mass index disappeared when adjusted by age. Women were more likely to have low body mass index than men (data not shown). Unadjusted data describing the association of gender Figure 1 Association between sex and clinical outcome. *n ¼ 5288. † n ¼ 13 336.
‡ Adjustment variables selected from the following: age, weight, height, body mass index, waist circumference, race, smoking status, diabetes, hypertension, heart rate, systolic blood pressure, changes in electrocardiogram at entry, electrocardiogram depression, killip class at entry, age, haemoglobin, white blood cells, dyslipidaemia, creatinine, angina pectoris, prior myocardial infarction, congestive heart failure, prior GI bleeding, prior percutaneous coronary intervention, prior coronary artery bypass grafting, prior transient ischaemic attack, prior non-haemorrhagic stroke, peripheral arterial disease, renal disease, chronic obstructive pulmonary disease, final diagnosis, onset of symptoms to randomized treatment, glycoprotein IIb/IIIa inhibitors at randomization, randomized treatment, treatment approach, and region. § PLATO-defined and adjudicated 19 . † † Any bleeding includes major, minor, and minimal bleedings. CABG, coronary artery bypass grafting; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CV death, death from cardiovascular causes; ECG, electrocardiogram; GI, gastrointestinal bleeding; HR, hazard ratio; KM, Kaplan-Meier analysis; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic stroke.
with endpoints are provided in Supplementary material online, Table S2A .
Association between sex and efficacy of randomized treatment
When the association of sex with outcomes was assessed by randomized treatment, ticagrelor was associated with similar reductions among women and men in CV death, MI, or stroke Further analyses of the associations between sex, randomized treatment, and either final diagnosis (STEMI vs. NSTEMI, unstable angina or 'other') or planned treatment (invasive vs. medically managed) revealed no significant interactions for studied endpoints (interaction P-value range 0.2020.83).
Association between sex and safety of randomized treatment
There were no differences between ticagrelor and clopidogrel for PLATO-defined overall major bleeding episodes either in women Table S3B . No differences in major or minor bleeding, as well as any bleeding (a composite of major, minor, and minimal bleeding), were observed among women and men treated with either ticagrelor or clopidogrel (Figure 2) .
Consistent with the main study data, ticagrelor was associated with an increase in non-CABG-related major bleeding when compared with clopidogrel in both women [adjusted HR: 1.19 (0.9021.56)] and men [adjusted HR: 1.37 (1.1021.72); Figure 2 ]. There was no significant interaction between treatment and sex (P ¼ 0.42; Figure 2 ).
Additional analyses of the associations between sex, randomized treatment, and either final diagnosis or planned treatment also revealed no significant interactions for the bleeding endpoints (interaction P-value range: 0.1720.67). ‡ Adjustment variables selected from the following: age, weight, waist circumference, smoking status, diabetes, hypertension, heart rate, systolic blood pressure, changes in electrocardiogram at entry, killip class at entry, haemoglobin, white blood cells, dyslipidaemia, angina pectoris, prior myocardial infarction, congestive heart failure, prior GI bleeding, prior percutaneous coronary intervention, prior coronary artery bypass grafting, prior transient ischaemic attack, non-haemorrhagic stroke, peripheral arterial disease, chronic renal disease, chronic obstructive pulmonary disease, final diagnosis, onset of symptoms to randomized treatment, GP Iib/IIIa inhibitors at randomization, randomized treatment, treatment approach, and region. § PLATO-defined and adjudicated 19 . † † Any bleeding includes major, minor, and minimal bleedings. CABG, coronary artery bypass grafting; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CV death, death from cardiovascular causes; ECG, electrocardiogram; GI, gastrointestinal bleeding; HR, hazard ratio; KM, Kaplan-Meier analysis; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIA, transient ischaemic stroke.
The efficacy of ticagrelor is maintained in women Table 2 ]. Ventricular pauses were more frequent in patients receiving ticagrelor compared with those receiving clopidogrel; however, a significant difference in rates was only observed for pauses of ≥3 s during the first week in men [6.0 vs. 3.7%; HR: 1.64 (1.0922.47)]. There was no evidence of interaction between randomized treatment and sex for dyspnoea and ventricular pauses (interaction P-value range: 0.3420.89).
Discussion
The results of the present adjusted analysis largely correspond with those reported for the large registry studies, in that men and women with ACS encounter similar mortality. 1, 2, 6, 9 In the present study, unadjusted data showed a significantly higher incidence of the efficacy endpoints of CV death, myocardial infarction, or stroke (individually and in combination) in women; however, this difference disappeared after adjustment for baseline characteristics including age.
Women with ACS have been reported to have a higher risk of bleeding complications than men. 21 The suggested important risk factors for bleeds have included a smaller body and vessel size, older age, reduced creatinine clearance, higher prevalence of comorbidities, higher rate of overdosed antithrombotic medication, and differences in response to antithrombotics between women and men. 21 In the present study, unadjusted data showed no differences in bleeding risk between men and women. However, after adjustment for various baseline characteristics, including age, women had significantly fewer major, major or minor, and any bleeding events.
In the present analysis, the rate of overall major bleeding events appeared lower in women than men contrary to previous evidence. 21 -23 However, it is likely that this observation mainly reflects the significantly lesser use of CABG surgery and the lower rate of CABG-related major bleeding in women in the PLATO trial. Thus the non-CABG-related bleeding rates in the present study were not different between women when compared with men. This difference from the previously reported figures may be due to the careful registration of and adjustment for differences in baseline characteristics. This analysis of the effect of female sex on outcomes related to treatment with ticagrelor and clopidogrel in ACS patients reveals results that are consistent with those reported for the primary study outcomes. 18 This is true for both unadjusted and adjusted data. Both in women and men with ACS, ticagrelor reduced the rates of adverse CV events and mortality compared with clopidogrel, without an increase in the rate of PLATO-defined overall bleeding. In both sexes, however, and in agreement with the main study results, there was a similar increase in the rate of non-CABG-related major bleeding complications in the ticagrelor-treated patients. This finding was consistent for both unadjusted and adjusted data. With regard to other phase III studies, the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction Figure 5 Cumulative Kaplan -Meier estimates of incidence of overall major bleeding complications (PLATO-defined), by sex and treatment (ticagrelor vs. clopidogrel). Estimated event rate at 12 months ticagrelor vs. clopidogrel, interaction P ¼ 0.43. CABG, coronary artery bypass.
The efficacy of ticagrelor is maintained in women (TRITON-TIMI 38) study reported similar efficacy for prasugrel in men (risk reduction in CV death, non-fatal MI, or non-fatal stroke ¼ 21%) and the overall study population (risk reduction ¼ 19%). 24 In the TRITON-TIMI 38 study, 26% of the patients were women and compared with men they were older, lighter in body weight, more often had diabetes mellitus, hypertension, and renal impairment, but less often had prior MI and tobacco use. 25 Rate of CV death was higher for women than men (2.9 vs. 2.0%; P ¼ 0.01), but the difference disappeared after adjustment for baseline differences that included age A numerically lower absolute reduction in efficacy endpoints was reported for women receiving clopidogrel in the Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) study, but the difference was not significant. 26 A meta-analysis of blinded randomized trials comparing clopidogrel and placebo (including CURE, CREDO, CLARITY-TIMI 28, COMMIT, and CHARISMA) reported no significant difference in treatment effect between men and women.
27
A meta-analysis on early invasive therapy vs. conservative treatment strategies in women and men with non-ST-elevation ACS (NSTE-ACS) demonstrated a comparable benefit of invasive therapy in men and high-risk women, with positive cardiac biomarkers without benefits in the low-risk women. 28 Similarly, the benefit of GPI in women with NSTE-ACS in contrast to men was restricted to the patients with a positive troponin concentration. 29 In a separate pre-planned analysis of PLATO data, the effect and treatment-related complications of ticagrelor vs. clopidogrel in patients aged ≥75 years were compared with those aged ,75 years. 30 The clinical benefit of ticagrelor over clopidogrel (with regard to the primary composite endpoint, definite stent thrombosis, or all-cause death), or PLATO-defined overall major bleeds, did not differ significantly between the age groups after adjustment of data for important differences in baseline characteristics including sex.
Study limitations
In the present study, comparisons were not corrected for multiplicity of analyses. The analyses were therefore susceptible to an increased type I error and subsequent increase in the likelihood of false-positive statistical differences. The study was not powered to show gender differences in efficacy and safety, but with a study population of 18 624 patients, including 5288 (28.4%) women, the total number of adjudicated events in both men and women were high, with a suitable power to show a possible sex-related heterogeneity in observed event rates.
Conclusion
In aspirin-treated patients with either STEMI managed with primary PCI, or NSTE-ACS, there were no differences between women and men for adverse clinical outcomes or concerning efficacy or safety outcomes of treatment with ticagrelor compared with clopidogrel.
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